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57 ABSTRACT

In order to attain a high arithmetic operation precision, small
circuit scale, high arithmetic operation speed, and low
consumption power 1n a semiconductor device having mul-
tiple 1nput terminals, the terminals, on one side, of capaci-
tance means are connected to the multiple 1nput terminals or
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PARALLEL SIGNAL PROCESSING CIRCUIT,
SEMICONDUCTOR DEVICE HAVING THE
CIRCUIT, AND SIGNAL PROCESSING
SYSTEM HAVING THE CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a parallel signal process-
ing circuit capable of parallel processing a plurality of
signals input from a plurality of input terminals, a semicon-
ductor device having the circuit, and a signal processing
system having the circuit.

2. Related Background Art

In a conventional semiconductor device that performs
parallel arithmetic operation processing, as the number of
signals to be subjected to parallel arithmetic operations
increases, the circuit scale 1ncreases 1n progression, resulting
In an increase 1n manufacturing cost and a decrease 1n yield.
As the circuit scale increases, the arithmetic operation speed
lowers owing to an increase 1 delay time caused by wiring
lines, and an 1ncrease 1n the number of arithmetic operations
in the circuit. Furthermore, the consumption power increases
considerably.

For example, 1n the case of a solid-state 1maging device
shown 1n FIG. 1, image signals are read out by a scanning
circuit from a sensing unit 60 serving as an area sensor
constituted by a two-dimensional array of imaging elements
41, and these time-series analog signals are converted into
digital signals by an A/D converter 40. The digital signals
are temporarily stored 1n a frame memory 39. The multi-
input terminal signals read out from the frame memory 39
are subjected to arithmetic operation processing by an
arithmetic operation circuit 38, and the arithmetic operation
result 1s output from an arithmetic operation output circuit
50. More specifically, the moving amount (AX, AY) of an
object can be output by correlation arithmetic operations of
data at different times.

However, 1n order to perform real-time processing of a
moving image, the number of processing steps of the arith-
metic operation processing 1s very large, and the circuit scale
Increases 1n progression to obtain a real 1mage, resulting in
low processing speed. For example, an apparatus that can
actually process the MPEG?2 method proposed as a moving
image compression/expansion method has been under
development. Therefore, as the problems of the above-
mentioned parallel arithmetic operation processing, the
problems of a decrease 1n arithmetic operation speed, and an
increase in consumption power are posed. These problems
also cause an increase 1n manufacturing cost and a decrease
in manufacturing yield.

On the other hand, a majority arithmetic operation circuit
suitable for a parallel arithmetic operation processing circuit
1s described 1n “Economic Majority Logic IC Realized by
CMOS”, Nikkei Electronics, Nov. 5, 1973, pp. 132-144.
However, a majority logic circuit 1s disclosed as one of
digital signal processing operations, and 1s formed by a
CMOS circuit. In this case as well, since the number of
elements of the CMOS circuit increases, and the number of
arithmetic operation processing steps increases, the problem
of a decrease in arithmetic operation speed 1s posed 1in
addition to 1increases 1n circuit scale and consumption power.

SUMMARY OF THE INVENTION

It 1s an object of the present mnvention to provide a parallel
signal processing circuit which can realize a reduction of the
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circuit scale, an improvement of the arithmetic operation
speed, and a reduction of consumption power, a semicon-
ductor device having the circuit, and a signal processing
system having the circuit.

It 1s another object of the present mvention to provide a
parallel signal processing circuit free from the influence of,
¢.g., noise and capable of higher-speed processing, a semi-
conductor device having the circuit, and a signal processing
system having the circuit.

It 1s still another object of the present invention to provide
a parallel signal processing circuit which can further reduce
the circuit scale by decreasing the number of capacitors, a
semiconductor device having the circuit, and a signal pro-
cessing system having the circuit.

According to the present invention, signals from multiple
input terminals are transferred to and stored 1n capacitors
connected 1n series with each other, and signals based on the
charge amounts stored 1n these capacitances are input to a
sense amplifier, thereby realizing parallel signal processing.

According to the present invention, an arithmetic opera-
tion result of multiple input signals can be obtained by a
simple arrangement, and a reduction of the circuit scale, an
increase 1n arithmetic operation speed, and a reduction of
consumption power can be attained.

In particular, since signals are input to the sense amplifier
via an analog amplifier means, arithmetic operations free

from the influence of, e.g., noise and having high precision
can be realized.

Since a plurality of 1nput terminals are connected to one
capacitor, the circuit scale can be further reduced.

It 1s still another object of the present invention to provide
a parallel signal processing circuit for performing parallel
processing of a plurality of signals mput from parallelly
connected 1nput terminals, comprising:

switch means provided to the respective mput terminals;

capacitance means connected to at least two mput termi-
nals via the switch means; and

a sense amplifier to which the capacitance means are
parallelly connected.

It 1s still another object of the present invention to provide
a parallel signal processing circuit wherein multiple 1nput
terminals are connected to capacitance means, terminals, on
one side, of the capacitance means are commonly connected,
and the commonly connected terminal 1s mput to a sense
amplifier via analog amplifier means.

It 1s still another object of the present invention to provide
a parallel signal processing circuit wherein a first circuit has
M multiple mput terminals to which capacitance means are
connected, terminals, on one side, of the capacitance means
are commonly connected, the commonly connected terminal
1s connected to a first input terminal of a second circuit via
analog amplifier means, the commonly connected terminal
1s connected to a second 1nput terminal of the second circuit
via a sense amplifier, capacitance means of the second input
terminal has a capacitance corresponding to an integer
(obtained by rounding up (M/2)) multiple of a capacitance of
the capacitance means of the first circuit, and the first input
terminal has a capacitance M times the capacitance of the
capacitance means of the first circuit.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a block diagram for explaining an example of an
Image conversion apparatus;

FIGS. 2,5,6,7,9, 15, 17, 20, 21, and 23 are schematic
circuit diagrams for explaining examples of a parallel signal
processing circuit according to the present invention;
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FIG. 3 1s a schematic circuit diagram for explaining an
example of an analog amplifier means that can be applied to
the present invention;

FIGS. 4 and 16 are schematic timing charts for explaining,
examples of the operation timings of the circuit of the
present invention;

FIGS. 8§, 10, 11, 18, 19, and 22 are schematic block
diagrams for explaining examples of an arithmetic operation
circuit using the parallel signal processing circuit of the
present mvention;

FIGS. 12, 13A, and 14 are schematic block diagrams for
explaining examples of a signal processing system that
utilizes the parallel signal processing circuit of the present
mvention;

FIG. 13B 1s a schematic circuit diagram for explaining an
example of the arrangement of one pixel portion of a
photosensor; and

FIG. 13C 1s an explanatory view for explaining an
example of the arithmetic operation contents.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention will
be described hereinafter with reference to the accompanying,
drawings as needed.

(First Embodiment)

The first embodiment will be described below with ret-
erence to FIGS. 2 to 4. FIG. 2 1s a schematic circuit diagram
for explaining the arrangement according to the first
embodiment of the present invention. Referring to FIG. 2, a
circuit comprises first reset switches 1, first capacitors 2,
signal transfer switches 3, a second inverter 4 and a {first
inverter 6 1n a sense amplifier 5, a first reset power supply
8, an output terminal 11 of the sense amplifier 5, and a
capacitor 9. The capacitor 9 represents a parasitic capaci-
tance Co at one terminal to which the capacitors 2 are
commonly connected, but the present invention i1s not lim-
ited to this. Also, the circuit comprises a second reset switch
7 1n a sense amplifier 5, a second reset power supply 10, an
analog amplifier means 12, a third reset switch 14 for
resetting the mput terminal of the analog amplifier means,
and a third reset power supply 135.

As shown 1 FIG. 2, mput terminals Q, to Q, are
respectively connected to the signal transfer switches 3.
When a transfer pulse ®T i1s input from a terminal T, the
signal transfer switches 3 are turned on, and the respective
signals can be transferred to one terminal of each of the first
capacitors 2 serving as capacitances electrically connected
to the signal transfer switches 3. The other terminal of each
first capacitor 2 1s electrically connected to an 1dentical line.
This line 1s connected to the input terminal of the analog
amplifier means 12. The output terminal of the analog
amplifier means 12 1s electrically connected to the input
terminal of the sense amplifier 5 having the first and the
second 1nverters 6 and 4. An arithmetic operation result
output from the output terminal of the sense amplifier 5 1s
output from the output terminal 11. Note that the line to
which the first capacitors 2 are commonly connected can be
connected to the third reset power supply 15 via the third
reset switch 14. On the other hand, the line between the
analog amplifier means 12 and the mput terminal of the
sense amplifier 5 can be connected to the second reset power
supply 10 via the second reset switch 7.

The lines between the signal transfer switches 3 and the
first capacitors 2 are connected to the first reset power supply
8 via the first reset switches 1.
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4

FIG. 3 1s a schematic circuit diagram showing an example
of the arrangement of the analog amplifier means 12. The
analog amplifier means 12 comprises n-type MOS transis-
tors 201 and 202, an 1nput terminal 203 connected to one
terminal to which the capacitors 2 are commonly connected,
an output terminal 204, a power supply terminal 205, and a
bias power supply 206 for applying a constant bias to the
cgate of the n-type MOS transistor 202.

In this circuit of the analog amplifier means 12, when an
input signal input to the mput terminal 203 1s higher than a
threshold value, a HIGH-LEVEL signal 1s obtained from the
output terminal 204; when the mput signal 1s lower than the
threshold value, a LOW-LEVEL signal 1s output. Therefore,
this circuit 1s a source-follower type current amplifier that
can obtain an output which 1s shifted downward by the
threshold value voltage of the n-type MOS transistor 201 but
has a gain of about unity.

FIG. 4 1s a timing chart for explaining an example of the
operation timings of the circuit of this embodiment. The
operation of this embodiment will be described below with
reference to FIG. 4. The first reset switches 1 are turned on
by a reset pulse ®RES, and one terminal of each capacitor
2 1s reset to the reset voltage of the first reset power supply
8.

When the power supply voltage 1s a 5 V system, a reset
voltage of about 2.5 V half the power supply voltage 1s used.
However, the reset voltage 1s not limited to this voltage, but
other voltages may be used, and a plurality of voltages may
also be used. When the first reset switches 1 are turned on,
the input terminal of the analog amplifier means 12 1s nearly
simultaneously reset to the reset voltage of the third reset
power supply 15 by turning on the third reset switch 14. At
this time, the reset voltage 1s preferably selected to have a
value 1n the vicinity of a logic mversion threshold value at
which the output from the inverter 6 i1s inverted. For
example, when the analog amplifier means 12 comprises the
source-follower amplifier shown 1n FIG. 3, the input termi-
nal of the means 12 1s preferably reset to the logic inversion
voltage of the inverter 6+the threshold value voltage.

When the reset pulse ®RES 1s turned off, the two termi-
nals of each capacitor 2 are held at the corresponding reset
potentials. When the transfer switches 3 are turned on by the
transfer pulse ®T, signals are transterred to one terminal to
which the capacitors 2 are commonly connected. For
example, the potential at one terminal of each capacitor 2
changes from the reset voltage of 2.5 V to VX. For example,
assume a case wherein the parasitic capacitance 9 has a
capacitance Co, and N capacitors 2 are connected to the
input terminal of the analog amplifier means 12. The voltage
at one terminal to which the capacitors 2 are commonly
connected changes by an amount given by formula (1)
below with respect to the input to one capacitor 2 due to
capacitive division:

ICx(2.5-VX)/(N-C+Co)] (1)

When the mput voltage of the mverter 6 changes from a
value 1n the vicinity of the logic inversion voltage, the output
terminal voltage of the inverter 6 1s mnverted accordingly.
When signals are input to N inputs, the sum of N capacitive
division outputs 1s input to the mnput terminal of the inverter
6. As a result, if the sum of the N 1nputs 1s positive, the 1nput
terminal of the inverter 6 shifts to a potential higher than the
logic inversion voltage, and a HIGH-LEVEL signal appears
at the output terminal 11 of the sense amplifier §; if the sum
1s negative, the mput terminal of the mverter 6 shifts to a
potential lower than the logic inversion voltage, and a

LOW-LEVEL signal i1s output. In the circuit of this
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embodiment, input signals are multiplied with required
welghting coellicients corresponding to processing opera-
fions to be performed 1n accordance with the amplitudes of
the 1nput signals and the capacitances of the capacitors 2 to
which the signals are input, and the weighted signals are
simultaneously subjected to a parallel arithmetic operation
in the sense amplifier 3.

In this embodiment, one terminal to which the first
capacitors 2 are commonly connected 1s connected to the
sense amplifier § via the analog amplifier means 12. For this
reason, for example, the 1nverter 6 generates noise at its
input terminal via its own gate capacitance when the voltage
at 1ts output terminal 1s 1nverted, but the noise does not
adversely influence the terminal voltages of the first capaci-
tors 2, and a high-precision logic arithmetic operation can be
realized.

In the above description, the case of the amplifier gain=1
has been exemplified. However, the present invention 1s not
limited to this.

From formula (1) above, in this circuit, the amount of
change 1n potential at the mput terminal of the inverter 6
decreases as the number of capacitors 2 connected 1n parallel
with each other increases. For example, by increasing the
amplifier gain of the analog amplifier means 12, the amount
of change 1n potential at the mput terminal of the inverter 6
can be set to be larger than that defined by formula (1). As
a result, even when the number of parallel connections
Increases, an arithmetic operation with higher precision can
be realized.

The circuit arrangement of the analog amplifier means 1s
not limited to that of the source-follower amplifier shown 1n
FIG. 3, as a matter of course. For example, various other
amplifiers such as a p-type source-follower amplifier, an
arithmetic amplifier circuit, and the like may be used.
(Second Embodiment)

FIG. 5 1s a circuit diagram showing the second embodi-
ment of the present invention. Note that the same reference
numerals in FIG. 5 denote parts having the same operations
or functions as those 1n FIG. 2. Referring to FIG. 5, the
circuit comprises a second capacitor 13, a second reset
switch 7 for resetting the mput terminal of an inverter 6, and
a second reset power supply 10. As shown 1n FIG. 5, the
second capacitor 13 1s connected 1n series between an analog
amplifier means 12 and the input terminal of the sense
amplifier 3.

The second reset switch 7 operates at roughly the same
fiming as other reset switches 1 and 14. The analog amplifier
means 12 can use the same circuit shown m FIG. 3. In this
embodiment, since the analog amplifier means 12 and the
inverter 6 are disconnected by the capacitor 13 1n a series
manner, they can set voltages under optimal conditions. At
this time, the mput terminal of the inverter 6 1s preferably
reset to a voltage in the vicinity of the logic inversion
voltage by a reset voltage from the second reset power
supply 10. On the other hand, the mput terminal of the
analog amplifier means 12 is preferably reset to a voltage
near the center of the dynamic range.

If Gc represents the capacitive division ratio between the
capacitor 13 and the parasitic capacitance at the input
terminal of the inverter 6, and GA represents the gain of the
analog amplifier means, the potential at the input terminal of
the inverter 6 changes by an amount given by formula (2)
below with respect to the input to one capacitor 2:

G- GA{Cx2.5-VX)/(N-C+Co)}| (2)

In this embodiment as well, the switch noise of the output
stage of the analog amplifier means 12 does not adversely
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influence the capacitors 2, and the same switch noise reduc-
tion effect as 1n the first embodiment can be obtained. In
addition, the degree of freedom 1n designing the analog
amplifier means 12 increases, and a change 1 input of the
sense amplifier 5 can be discriminated more reliably since
the mput bias of the inverter 6 can be set independently of
the analog amplifier means 12.

(Third Embodiment)

FIG. 6 15 a circuit diagram showing the third embodiment
of the present invention. Note that the same reference
numerals in FIG. 6 denote parts having the same operations
or functions as those 1n FIGS. 2 and 5. Referring to FIG. 6,
the circuit comprises a second sense amplifier 54, a third
capacitor 16, a control input terminal 17, and a second
output terminal 18.

In this embodiment, the output from the analog amplifier
means 12 1s connected to a plurality of sense amplifiers §
and 5a via capacitors, so that majority logic arithmetic
operation results can be simultaneously obtained for a set of
inputs. When a control signal 1s independently supplied to
the control input terminal, different arithmetic operation
results can be obtained from the output terminals 11 and 18.

For example, if Ci represents the mnput capacitance of
cach 1nverter 6, and Cj represents the capacitance of each
capacitor 13, the capacitive division ratio G¢ of formula (2)
at the 1mput terminal of the sense amplifier 5 1s given by:

Ge=Cj/(Ci+Cy)

If Ck represents the capacitance of the capacitor 16, a
capacitive division ratio G¢' of formula (2) at the input
terminal of the sense amplifier Sa 1s given by:

Gc'=Cj/(Ci+Cj+Ck)

In this manner, 1if AV represents a change in signal at the
control input terminal 17, the potential at the input terminal

of the inverter 6 at the input terminal of the sense amplifier
S5 1s:

{Ci/(Ci+CPH}-GAZ{Cx(2.5-VX)/(N-C+Co)}| (3)

Also, the potential at the input terminal of the mverter 6 at
the 1nput terminal of the sense amplifier 5 1s:

{CH/(Ci+Cj+CK) }-GA-Z[{Cx(2.5-VX)/(N-C+Co) } +AV]| (4)

Therefore, at the output terminal 18 of the sense amplifier
18, the signal 1s further 1nverted based on a threshold value
different from that for the output terminal 11 of the sense
amplifier § since AV 1s added by the control signal from the
control mput terminal 17, and for example, two different
arithmetic operation results can be obtained for a set of
inputs.

At this time, since the potential change amounts applied
to the mput terminals are voltage current-amplified by the
analog amplifier means according to the present invention,
a plurality of different arithmetic operation results can be
parallelly obtained for a set of inputs, and high-speed
processing 1s attained. Since a plurality of mnput blocks need
not be arranged, a low-cost, low-power circuit can be
realized.

(Fourth Embodiment)

FIG. 7 1s a circuit diagram showing the fourth embodi-
ment of the present invention. Note that the same reference
numerals in FIG. 6 denote parts having the same operations
or functions as those in FIG. 6.

The circuit of this embodiment includes both a circuit
portion in which one terminal of each capacitor 2 1s con-
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nected to the sense amplifier § via the analog amplifier
means 12, and a circuit portion in which one terminal of each
capacitor 2 1s directly connected to another sense amplifier
5 without going through the analog amplifier means 12.
In this embodiment, as compared to the third embodiment
shown 1n FIG. 6, the capacitor 13, the reset switch 14, and
the reset power supply 15 can be omitted, and the circuit
scale can be reduced slightly. In this manner, both the sense
amplifier § connected to the capacitors via the analog
amplifier means and the sense amplifier § directly connected

o the capacitors can be used.
(Fifth Embodiment)

The fifth embodiment will be described below with ref-
erence to the circuit diagram shown i FIG. 8. In this
embodiment, a higher-grade parallel arithmetic operation 1s
realized by connecting a plurality of parallel arithmetic
operation circuits each comprising a semiconductor device
described 1n the above embodiments.

Referring to FIG. 8, each of parallel arithmetic operation
circuit blocks 501A to 501C comprises a circuit which has
multiple mput terminals 502, and 1s constituted by transfer
switches 3, capacitors 2, a sense amplifier 5, an analog
amplifier means 12, and the like, as shown 1n, e.g., FIG. 2.
Output terminals S03 from the sense amplifiers 5 correspond
to the output terminal 11 shown in FIG. 2. The output
terminals 503 of the parallel arithmetic operation circuit
blocks 501 A and 501C are connected to the parallel arith-
metic operation circuit block 501B, and the output signals
output from these output terminals 503 serve as 1nput
terminals to the parallel arithmetic operation circuit block
S501B. Also, the outputs from similar parallel arithmetic
operation circuit blocks are connected to other input termi-
nals of the block 501B.

In the semiconductor circuit with the above arrangement,
if each of the parallel arithmetic operation circuit blocks
501A to 501C has a majority determination function, HIGH-
or LOW-LEVEL outputs are obtained at terminals OUT1
and OUT2 1 correspondence with the input signals to the
parallel arithmetic operation circuit blocks 501 A and 501C,
and an output signal obtained by adding the output signals
at the terminals OUT1 and OUT2 to other input signals 1s
obtained at a terminal OUT3 of the parallel arithmetic
operation circuit block 501B. In this manner, since a plu-
rality of parallel arithmetic operation circuit blocks accord-
ing to the present invention are connected 1n series or
parallel with each other or in combination of series and
parallel connections, high-grade parallel arithmetic opera-
fion processing can be realized.

In this embodiment, the connections of the three parallel
arithmetic operation circuit blocks have been exemplified.
Of course, the present invention is not limited to this, and the
circuit blocks can be freely combined to realize required
arithmetic operation processing. Also, the parallel arithmetic
operation circuit blocks according to the present mvention
may be combined with conventional semiconductor logic
circuit blocks, needless to say.

In this embodiment, the connections used when signals
are transferred 1n turn have been exemplified. The present
invention 1s not limited to this, and the outputs from the
output-side stages may be used as input signals of the
input-side stages.

(Sixth Embodiment)

The sixth embodiment will be described below with
reference to the circuit diagram shown 1n FIG. 9. Note that
the same reference numerals in FIG. 9 denote parts having
the same operations or functions as 1 FIG. 6. In this
embodiment, the output from the sense amplifier 5 1s input
to one terminal of the third capacitor 16.
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As has been described 1n the third embodiment, the output
signal from the output terminal 18 changes in correspon-
dence with the change amount AV of the control signal. In
this embodiment, when the change amount AV changes, the
sense amplifier 3a 1s mverted by different inversion thresh-
old values, as can be seen from formula (4) above. More
specifically, three different relationships between the change
in output signal at the output terminal 11 of the sense
amplifier 5, and the change amount AV, 1.e., AV=+5 V when
the output signal changes High—Low, AV=0 V when the
output signal changes High—=High, AV=0 V when the
output signal changes Low—Low, and AV=-5 V when the
output signal changes Low—High, are obtained when the
power supply voltage system 1s a 5 V system.

When the output signal from one sense amplifier 5 1s used
as one of mnputs of another sense amplifier 5a as another
block like 1n this embodiment, higher-grade parallel arith-

metic operation processing can be realized.

In this embodiment, the output signal from the output
terminal 11 1s directly connected to the capacitor 16.
However, the present invention 1s not limited to this. For
example, the output signal from the output terminal 11 may
be connected via various types of logic gates, amplifiers,
switches, and the likes to realize required arithmetic opera-
fion processing, needless to say.

(Seventh Embodiment)

FIG. 10 1s a circuit diagram of an embodiment 1n which
the above-mentioned semiconductor device 1s applied to a
correlation arithmetic operation circuit as the seventh
embodiment of the present invention. Note that the same
reference numerals in FIG. 10 denote parts having the same
operations or functions as 1n FIG. 2.

This circuit compares a plurality of data with reference
data, and outputs the sum of correlations as a correlation
score using a binary value.

FIG. 10 shows a 7-mnput correlation arithmetic operation
circuit as an example. Referring to FIG. 10, each of majority
arithmetic operation circuit blocks 601A to 601C has mul-
tiple 1nput terminals, and also has reset switches 1, capaci-
tors 2, signal transfer switches 3, a sense amplifier §, and the
like. Comparators 602 are connected to the block 601A, and
inverters 603 are connected between the blocks 601A and
601B, and between the blocks 601B and 601C. The differ-
ence between the majority arithmetic operation circuit
blocks 601A, 601B, and 601C 1s that the majority arithmetic
operation circuit block 601A actually has seven input
terminals, but the majority arithmetic operation circuit
blocks 601B and 601C each have one mput terminal and one
or two control terminals.

Referring to FIG. 10, the mput signals are input to the
comparators 602 together with correlation coefficients.
When the mput signal and the correlation coefficient coin-
cide with each other, each comparator 601 outputs a HIGH-
LEVEL signal; otherwise, it outputs a LOW-LEVEL signal.
Since the majority arithmetic operation circuit block 601A
has an arrangement in which a total of capacitances of 7C
are commonly connected, when HIGH-LEVEL signals are
applied to the capacitances of 4C or more upon inputting the
outputs from the comparators 602 to the majority arithmetic
operation circuit block 601A, the input terminal of the
inverter 6 shifts to a high potential by the logic iversion
voltage and a HIGH-LEVEL signal 1s output to the output
terminal 11 of the sense amplifier. Column S3 1n Table 1
below summarizes the output values of the majority arith-
metic operation circuit block 601A for each number of

HIGH-LEVEL signals.
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TABLE 1

[nput 53 2 S1
0/7 0 0 0
177 0 0 1
2/7 0 1 0
3/7 0 1 1
477 ] 0 0
577 0 1
6/7 1 0
/7 1 1

As shown 1n FIG. 10, the output S3 from the majority
arithmetic operation circuit block 601A 1s mverted by the
iverter 603, and the inverted signal 1s applied to the control
input terminal of the majority arithmetic operation circuit
block 601A. A capacitor 901 has a capacitance of about 4C
(C 1s a minimum value of each of the capacitors 2 connected
to other input terminal routes). Also, a capacitor 13 has a
capacitance of about 7C. In the majority arithmetic opera-
tion circuit block 601B, capacitances of 11C are commonly
connected, the capacitor 901 (4C of these capacitances)
receives a signal from the control input terminal that
receives a signal based on the output from the majority
arithmetic operation circuit block 601A, and the capacitor
13 (7C) receives the output signal from the analog amplifier
means 12 that receives a signal based on the capacitance
stored 1n the capacitors of the block 601A.

Assuming that the analog amplifier means 12 has gain=1,
if V1 to V7 represent signals input to the capacitors 2, the
potential change at the side, connected to the switch 3 of the
capacitor 13 (7C) is:

{C(2.5-V1)+C(2.5-V2)+. . . +C(2.5-V)}/TC

—(1/7)2(2.5- Vi) (5)
(2 is the sum of i=1 to 7)

At this time, the potential change at the commonly con-

nected terminal as the other terminal of the capacitor 13 1s:

{7C-(1/T)2(2.5-VD)+4C(2.5-A) }/11C

={(2.5-VD+. . . +C(2.5-VT)+4(2.5-4)}/11 (6)

(A 1s the inverted signal of the output S3 from the sense

amplifier 5)
As a result, the majority arithmetic operation circuit block
601B serves as a circuit 1n which capacitances of 11C are
commonly connected, a signal from the control 1nput ter-
minal 1s applied to 4C, and the same 1nput signals as those
input to the block 601A are applied to the remaining 7C.

When HIGH-LEVEL signals are applied to 6C or more of
all the capacitances, the majority arithmetic operation circuit
block 601B determines a majority as a whole, and outputs a
HIGH-LEVEL signal.

For example, when the output from the majority arith-
metic operation circuit block 601A 1s at HIGH LEVEL
(HIGH-LEVEL signals are applied to 4C or more), a LOW-
LEVEL signal 1s applied to the weighted 1nput terminal, as
described above. Furthermore, when HIGH-LEVEL signals
arc applied to the capacitances of 6C or more of those
applied to the mput terminal other than the weighted 1nput
terminal, the majority arithmetic operation circuit block
601B determines a majority as a whole, and outputs a

HIGH-LEVEL signal. When HIGH-LEVEL signals are
applied to 4C (inclusive) to 6C (inclusive), the block 601B
does not determine a majority, and outputs a LOW-LEVEL
signal.
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On the other hand, when the output from the majority
arithmetic operation circuit block 601A 1s at LOW LEVEL,
a HIGH-LEVEL signal 1s applied to the weighted input
terminal. When HIGH-LEVEL signals are applied to 2C
(inclusive) to 3C (inclusive), 4C+2C (4C is a weight), i.e.,
6C or more 1s determined as a majority, and a HIGH-LEVEL
signal 1s output. On the other hand, when HIGH-LEVEL
signals are applied to 1C or less, 4C+0 or 4C+C 15 6C or less,
and a LOW-LEVEL signal 1s output. Column S2 in Table 1
above summarizes the output values of the majority arith-
metic operation block 601B for each number of input
HIGH-LEVEL signals.

Also, the majority arithmetic operation circuit block 601C
has two weighted terminals respectively having a 4C capaci-
tance value 901 and a 2C capacitance value 902, as shown
in FIG. 10. As shown 1n FIG. 10, the inverted signal of the
output S3 from the majority arithmetic operation circuit
block 601A 1s applied to the 4C weighted 1nput terminal, the
inverted signal of the output S2 from the majority arithmetic
operation circuit block 601B 1s applied to the 2C weighted
input terminal, and substantially the same signals as those
input to the block 601 A are 1nput to the other input terminals.
When the circuit block 601C serves as one 1n which a total
of 13C (7C+2C+4C) capacitors are commonly connected,
outputs shown 1n column S1 1n Table 1 above are obtained.

With this circuit arrangement, the number of mput signals
that coincide with the correlation coefficients can be con-
verted 1nto a 3-digit binary value, and the binary value can
be output as a correlation score.

When the above-mentioned circuit arrangement 1s used, a
high-precision correlation arithmetic operation circuit that
can attain a reduction of the circuit scale, an increase in
arithmetic operation speed, and a reduction of consumption
power as compared to the conventional circuit can be
realized.

As described above, 1n the circuit block, 1n which the
terminals, on one side, of capacitor means corresponding to
multiple mput terminals are commonly connected, and the
commonly connected terminal 1s input to the sense amplifier,
a total of the capacitances of the capacitor means 1s roughly
an odd multiple of C (C 1s a minimum one of the capaci-
tances connected to the multiple input terminals). In this
case, a kind of majority arithmetic operation discrimination
of an arithmetic operation circuit can be easily attained.

This embodiment has exemplified the 7-input correlation
arithmetic operation circuit. Even when the circuit has
several ten input terminals, although the initial block basi-
cally requires several ten input terminals, the subsequent
blocks need only have one mnput and one or a plurality of
control terminals, thus easily realizing conversion of an
n-digit binary value. Also, other kinds of correlation arith-
metic operation circuits and arithmetic operation processing
circuit can be obtained, and the present invention 1s not
limited to these specific circuits.

(Eighth Embodiment)

The seventh embodiment has exemplified a case wherein
the amplifier gain of the analog amplifier means 12 1s unity,
as shown 1n FIG. 10. If GA represents the gain of the analog,
amplifier means 12, and CArepresents the capacitance of the
capacitor 13, equation (6) above is rewritten as:

{CA-GA-(1/T)Z(2.5-VD)+4C(2.5-A4)  /(CA+4C) (7)

At this time, 1f the gain and capacitances are set to approxi-
mate:

CA'GA=TC (8)
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the same function of the correlation arithmetic operation
device as 1n the seventh embodiment can be obtained. In this
embodiment, when the amplifier gain 1s set so that equation
(8) holds within the range of CA<C7, the potential change
at the input terminal of the inverter 6 can be 1ncreased with
respect to a change 1n one input. Since the capacitance of the
capacitor 13 can be decreased, its charging time can be
shortened, and hence, higher-precision arithmetic operation
processing can be attained at higher speed.

Furthermore, if CB represents the capacitance of the
capacitor at the control input terminal with respect to the
capacitance CA of the capacitor 13, 1if the following relation
holds, the above-mentioned function of the correlation arith-
metic operation device can be obtained:

CA:CB=T:4 (9)

By decreasing both CA and CB while maintaining the above
ratio, the charging time of the capacitors can be further
shortened, and higher-speed arithmetic operation processing
can be realized.

(Ninth Embodiment)

FIG. 11 1s a circuit diagram of this embodiment. Note that
the same reference numerals 1n FIG. 11 denote parts having
the same operations or functions as i FIG. 10. FIG. 11
shows another embodiment in which the present invention is
applied to a correlation arithmetic operation circuit.

Referring to FIG. 11, mnverters 1101 and transfer gate
switches 1102 are connected between the comparators 602
and the capacitors 2. When the reset switch described in the
first embodiment 1s at HIGH LEVEL, each transfer gate
switch 1102 1s turned on; otherwise, the transfer switch 3 1s
turned on.

In this embodiment, since the circuit is reset by the
inverted signal of an input signal, when, for example, the
power supply voltage system 1s a 5 V system, a differential
voltage between the mput signal and the reset signal can be
obtained up to 5 V which 1s twice that in the prior art. In this
arrangement, from equation (6), the potential change at the
commonly connected terminal of the capacitor 13 1s given
by the following equation (10):

{7C-(E(5-VD)+4C(2.5-A) Y11C={(5-V1)+. . . +C(5-VT)+

4(2.5-A)}/11 (10)

(A is the inverted signal of the output S3 from the sense
amplifier 5, and X is the sum of i=1 to 7) In this manner, the
values of the capacitors required for meeting the correspond-
ing correlation function can be halved. Therefore, the circuit
scale can be reduced accordingly. At this time, if GA
represents the gain of the analog amplifier means 12, CA
represents the capacitance of the capacitor 13, and CB
represents the capacitance of the capacitor 901, the gain and
the capacitance are set so that the following relation holds so
as to obtain the same function of the correlation arithmetic
operation device as in the seventh embodiment:

CA'GA:CB=(7/2):4 (11)

In this embodiment, since the capacitance of the capacitor
13 can be halved as compared to the seventh and eighth
embodiments, the charge accumulation time can be
shortened, and a higher-speed circuit operation can be
realized.

(Tenth Embodiment)

FIG. 12 shows the tenth embodiment of the present
invention. The block diagram of FIG. 12 shows an example
of a case wherein a motion detection circuit 1s realized using
the circuit of the present invention. Referring to FIG. 12, the
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circuit comprises memory units 3001 and 3002 which
respectively store reference and comparison data, a corre-
lation calculation unit 3003, a control unit 3004 for control-
ling the entire chip, an adder 3005 of correlation results, a
register 3006 which stores the minimum value of the sums
of the adder 3005, a unit 3007 which serves as a comparator
and a portion for storing the address of the minimum value,
and an output buffer 3008 which also serves as an output
result storage unit. A terminal 3009 receives a reference data
sequence, and a comparison data sequence to be compared
with the reference data sequence i1s input from a terminal

3010.

The memory units 3001 and 3002 comprise SRAMs, and
are constituted by normal CMOS circuits. Data input to the
correlation calculation unmit 3003 are subjected to parallel
processing since the correlation calculation unit 3003 com-
prises a correlation device of the present invention. Hence,
the unit 3003 can attain very high-speed processing, and can
be constituted by a small number of elements, thus realizing
a small chip size and low cost. The correlation calculation
result is scored (evaluated) by the adder 3005, and is
compared by the unit 3007 with the contents of the register
3006 that stores the maximum correlation result (the mini-
mum sum) before the above-mentioned correlation calcula-
tion. If the current calculation result 1s smaller than the
stored minimum value, the result 1s newly stored 1n the
register 3006; otherwise, the previous result 1s held.

With this operation, the maximum correlation result 1s
always stored 1n the register 3006, and upon completion of
calculations of all data sequences, the result 1s output from
a terminal 3011. In this embodiment, the control unit 3004,
the adder 3005, the register 3006, the unit 3007, and the
output buffer 3008 are constituted by normal CMOS circuits.
In particular, the adder 3005 can adopt the circuit arrange-
ment of the present invention to realize parallel additions,
thus realizing high-speed processing. As described above,
not only high-speed processing and low cost are realized but
also the consumption current can be reduced since arith-
metic operations are executed on the basis of capacitances
via the latch circuits, thus realizing low consumption power.
For this reason, the present invention 1s suitably applied to
a portable equipment such as an 8-mm VTR camera or the
like.

(Eleventh Embodiment)

FIGS. 13A to 13C show the eleventh embodiment of the
present mnvention. The eleventh embodiment exemplifies a
chip (high-speed image processing device) in which the
semiconductor device of the present invention 1s combined
with a photosensor (solid-state imaging element) and high-
speed 1mage processing 1s performed before image data 1s
read out. FIG. 13A 1s a block diagram showing an example
of the overall arrangement, FIG. 13B 1s a schematic circuit
diagram showing an example of the arrangement of a pixel
portion, and FIG. 13C 1s a view for explaining an example
of the arithmetic operation contents.

Referring to FIG. 13A, the chip comprises a light-
receiving portions 4001, line memories 4003, 4005, 4007,
and 4009, correlation calculation units 4004 and 4008, and
an arithmetic operation output unit 4010. The light-receiving
unit 4001 as one pixel portion shown 1n FIG. 13B comprises
capacitance means 4011 and 4012 for connecting optical
signal output terminals and output bus lines 4002 and 4006,
a bipolar transistor 4013, a capacitance means 4014 con-
nected to the base region of the bipolar transistor, and a
switch transistor 4015. Image data light incident on an 1mage
data sensing unit 4020 1s photoelectrically converted by the
base region of the bipolar transistor 4013.
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An output corresponding to the photoelectrically con-
verted photocarriers 1s read out to the emitter of the bipolar
transistor 4013, and raises the emitter potential 1n corre-
spondence with the output bus line potentials via the capaci-
tance means 4011 and 4012. With the above-mentioned
operation, the sum of the outputs from the pixels 1n the
column direction is read out to the line memory 4007, and
the sum of the outputs from the pixels 1n the row direction
1s read out to the line memory 4003. This allows to output
the sums in the X- and Y-directions of regions where the
base potentials of the bipolar transistors 4013 are raised via
the capacitance means 4014 in the pixel portions.

For example, as shown 1n FIG. 13C, when an image 4016
1s mnput at time tl1, and an 1mage 4017 1s mput at time 2,
output results obtained by respectively adding these images
in the Y-direction become image signals 4018 and 4019, and

these data are respectively stored in the line memories 4007
and 4009 shown 1n FIG. 13A. As can be seen from the image

signals 4018 and 4019 shown 1 FIG. 13C, the data of the
two 1mages shift 1in correspondence with the motion of the
image, and when the correlation calculation unit 4008 cal-
culates the shift amount, the motion of an object on the
two-dimensional plane can be detected by a very simple
method.

The correlation calculation units 4004 and 4008 shown in
FIG. 13A can comprise the correlation arithmetic operation
circuit of the present invention. Each of these units has a
smaller number of elements than the conventional circuit,
and, 1n particular, can be arranged at the sensor pixel pitch.
The above-mentioned arrangement performs arithmetic
operations based on analog signals obtained by the sensor.
However, when A/D conversion circuits are 1nserted
between the line memories and the bus lines, digital corre-
lation arithmetic operations can be realized. The sensor of
the present invention comprises a bipolar transistor.
However, the present invention is also effective for a MOS
transistor or only a photodiode without arranging any ampli-
fication transistor.

Furthermore, the arrangement of this embodiment per-
forms a correlation arithmetic operation between data
sequences at different times. Alternatively, when the X- and
Y-projection results of a plurality of pattern data to be
recognized are stored 1n one memory, pattern recognition
can also be realized.

As described above, when the pixel input unit and the
present 1nvention are combined, the following effects are
expected.

(1) Since data which are parallelly and simultaneously
read out from the sensor are subjected to parallel processing
unlike in the conventional processing for serially reading out
data from the sensor, high-speed motion detection and
pattern recognition processing can be realized.

(2) Since a 1-chip sensor can realize image processing
without increasing the size of peripheral circuits, the fol-
lowing high-grade function products can be realized with
low cost: control for turning the TV screen toward the user
direction, control for turning the wind direction of an air
conditioner toward the user direction, tracing control for an
8-mm VTR camera, label recognition in a factory, a recep-
fion robot that can automatically recognize a person, an
inter-vehicle distance controller for a vehicle, and the like.

The combination of the image input unit and the circuit of
the present invention has been described. The present inven-
fion 1s effective not only for 1image data but also for, e.g.,
recognition processing of audio data.

(Twelfth Embodiment)

FIG. 14 1s a block diagram showing the twelfth embodi-

ment of the present invention. In the twelfth embodiment,
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the correlation arithmetic operation circuit unit of the
present invention 1s applied to a reception circuit for spread
spectrum (SS) communications. Referring to FIG. 14, the
reception circuit comprises a reception antenna 1401, a
signal demodulation unit 1406, signal amplifiers 1402, cor-

relation calculation circuit units 1403A and 1403B, an A/D
conversion circuit unit 1404, and a discriminator 1405.

In SS communications, a signal 1s converted into a
multi-bit code called a PN (Pseudorandom Noise) code, and
the PN code 1s transmitted. The receiver side compares the
received signal with a similar PN code prepared 1n advance,
and demodulates the received signal by detecting a highest
correlation state.

Referring to FIG. 14, a signal received by the antenna
1401 1s temporarily primary-demodulated by the demodu-
lation unit 1406. In this case, the demodulated signal 1s 1nput
to the correlation calculation circuit unit 1403A, and 1s also
input to the correlation calculation circuit unit 1403B after
it 1s converted by the A/D conversion circuit unit 1402 into

a digital signal. The signal mput from the amplifier 1402 1s
compared with a PN code held 1n advance in the receiver
side, and the correlation calculation circuit unit 1403A forms
a synchronizing signal based on the degree of correlation
between the two signals. The correlation calculation circuit
unit 1403B calculates the correlation score 1 synchronism
with the formed synchronizing signal. The discriminator
1405 demodulates the signal on the basis of the correlation
score output from the correlation calculation circuit unit
1403B.

The SS communication has high privacy and 1s robust
against noise since 1t converts a signal 1mto a multi-bit code
and transmits the converted code. However, since the infor-
mation amount to be transmitted increases, the load of signal
processing becomes heavy. When the correlation calculation
circuit unit having multiple input terminals according to the
present invention 1s used, similar processing can be realized
at higher speed with a simpler circuit arrangement.

The present invention can be applied to radio communi-
cations of portable mformation equipments using the SS
communication technique.

In the above description, a correlation calculation device,
and a system using the same have been described. However,
the present invention 1s not limited to them, and may be
applied to various logic circuits such as an analog-to-digital
converter, a digital-to-analog conversion, an addition circuit,
a subtraction circuit, and the like, so as to obtain the same
cifects as described above.

(Thirteenth Embodiment)

FIG. 15 1s a schematic circuit diagram showing the
arrangement of a parallel signal processing circuit according
to the thirteenth embodiment. This embodiment exemplifies
a 7/-1mnput parallel signal processing circuit.

Referring to FIG. 15, the circuit comprises reset switches
1101, capacitors 1102, signal transfer switches 1103, a sense
amplifier 11035, an 1inverter 1106 1n the sense amplifier 11035,
an 1mverter 1104 in the sense amplifier 1105, and a reset
switch 1107 for resetting the input terminal of the 1nverter
1106.

The circuit also comprises a reset power supply 1108, an
output terminal 1111, nput terminals 1109, a reset power
supply 1110, a capacitor 1112, and inverters 1113.

FIG. 16 1s a ttiming chart showing the operation signals of
the respective portions. In this embodiment as well, one
terminal of the capacitor 1112 is reset by a reset pulse ®RES.
For example, when the power supply voltage 1s 5 V, the
voltage of the reset power supply 1110 1s 2.5 V half the
power supply voltage. However, the present invention 1s not
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limited to this specific reset voltage, but other voltages may
be used. At this time, the input terminal of the mnverter 1106
in the sense amplifier 1105 1s reset by substantially simul-
taneously turning on the reset switch 1107. As the reset
voltage at that time, a value 1n the neighborhood of the logic
inversion voltage at which the output from the mverter 1106
1s mnverted 15 selected.

Also, at this time, signals V1, V3, and V5 from the input
terminals 1109 are inverted by the inverters 1113, and the
inverted signals are iput to the corresponding terminals of
the capacitors 1102. The signal voltage has H (HIGH) level
in the neighborhood of 5 V, and has L (LOW) level 1n the
neighborhood of 0 V. When the reset pulse ®RES 1s turned
off, the two terminals of the capacitor 1112 are held at the
corresponding reset potentials. On the other hand, one
terminal of each capacitor 1102 1s set at the corresponding
signal potential, and the other terminal 1s set at the reset
potential.

When the signal transfer switches 1103 are turned on by
a transfer pulse ®T, signals V2, V4, and V6 are transferred
to the corresponding terminals of the capacitors 1102, and a
signal V7 1s transferred to one terminal of the capacitor 1112.
For example, when C represents the capacitance of each of
the capacitors 1102 and 1112, the potential at one terminal
to which the capacitors 1102 and 1112 are commonly
connected changes from the reset potential of the inverter
1106 by a value given by formula (12) below due to
capacitive division:

{(V2-(5-V1)+(V4-(5-V3)) +(V6-(5-V5)+(V7-2.5)C/aC  (12)

Formula (12) can be rewritten as the following formula

(13):

7 (13)
1/4 % Z (V: —2.5)
i=1

The 1nput terminal voltage of the imverter 1106 changes
with respect to each of the seven mputs 1n accordance with
formula (13) by +% V when the signal is at H level; by -4
V when the signal 1s at L level. The sum of the seven inputs
1s mnput to the mnput terminal of the inverter 1106. When the
input terminal voltage changes from the neighborhood of the
logic inversion voltage, the output terminal voltage of the
inverter 1106 1s inverted accordingly. As a result, if the sum
of the seven inputs 1s positive, the iput terminal of the
inverter 1106 shifts toward a potential higher than the logic
inversion voltage, and an H-level signal 1s output from the
output terminal 1111 of the sense amplifier §; when the sum
1s negative, the input terminal of the inverter 1106 shiits
toward a lower potential, and an L-level signal 1s output.

In the parallel signal processing circuit of this
embodiment, mput signals are multiplied with predeter-
mined welghting coellicients corresponding to required sig-
nal processing operations 1n accordance with their ampli-
tudes and the capacitances of the capacitors 1102 to which
the signals are 1nput, and the weighted signals are simulta-
neously subjected to a parallel arithmetic operation by the
sense amplifier 1105.

According to the parallel signal processing circuit of this
embodiment, since a circuit that receives some signals upon
resetting 1s constituted, and the timing 1s set, the number of
transistors required for constituting the input circuit can be
nearly halved. Therefore, the circuit scale can be greatly
reduced, and the manufacturing yield can be improved.
Also, the circuit scale can be reduced as compared to the
conventional circuit arrangement using CMOS elements.
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The parallel signal processing circuit according to this
embodiment 1s more effective as the number of inputs
increases, since the circuit scale increases 1n proportion to an
increase 1n the number of inputs. Furthermore, since the
number of elements can be reduced, consumption power can
be reduced. Also, since the number of elements can be
reduced, the load of driving the respective elements can also
be reduced, and hence, the arithmetic operation speed can be
improved.

Note that the 7-mput parallel signal processing circuit has
been exemplified. However, the present invention 1s not
limited to this, and the number of inputs can be ecasily
increased. The same operation as in the parallel signal
processing circuit of this embodiment can be realized by
arranging seven systems of the same 1nput circuits as that for
the signal V7 1n correspondence with signals V1 to V7. As
compared to such arrangement, the parallel signal process-
ing circuit of this embodiment has the above-mentioned

clfects.
(Fourteenth Embodiment)

FIG. 17 1s a schematic circuit diagram showing the
arrangement of a parallel signal processing circuit according
to the 14th embodiment. The same reference numerals 1n
FIG. 17 denote the same parts as in the 13th embodiment,
and a detailed description thercof will be omitted. In this
embodiment, a signal mput from the input terminal that
receives the signal V7 1s mput to the capacitor 1112 via the
mverter 1113, and 1s also mput thereto via the signal transfer
switch 1103 without going through the mverter 1113. Also,
in this embodiment, the capacitance of the capacitor 1102 1s
set to be 2C, and the capacitance of the capacitor 1112 1s set
to be C half that of the capacitor 1102. With this
arrangement, one terminal to which the capacitors 1102 and
1112 are commonly connected changes from the reset poten-
tial of the inverter 1106 by a value given by the following

formula (14):

[2x(V2—-(5-V1I)+2x(V4—(5-V3)) +2x(V6—(5-VS)+(VTI-(5-VT))}x
C/C (14)

Formula (14) can be rewritten as formula (15):

7 (13)
217 Z (V: = 2.5)
i=1

Therefore, formula (14) can be rewritten as the same
formula as that 1n the thirteenth embodiment.

Since the parallel signal processing circuit of this embodi-
ment can obtain the same effect as 1 the thirteenth embodi-
ment without using the reset power supply 1110 which 1s
required 1n the thirteenth embodiment, the peripheral power
supply circuit can be eliminated. Hence, a reduction of the
circuit scale, a reduction of consumption power, and
improvement of the arithmetic operation speed can be
attained.

In this embodiment as well, the 7-input parallel signal
processing circuit has been exemplified. However, the
present invention 1s not limited to this, and the number of
inputs of the parallel signal processing circuit can be easily
increased.

(Fifteenth Embodiment)

FIG. 18 1s a schematic block diagram showing the
arrangement of a signal processing apparatus to which a
parallel signal processing circuit according to the 15th
embodiment 1s applied. The signal processing apparatus of
this embodiment realizes high-grade parallel arithmetic
operations by connecting a plurality of parallel arithmetic
operation circuits.
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Referring to FIG. 18, each of parallel arithmetic operation
circuit blocks 1401 A to 1401C can adopt the parallel signal

processing circuit (see FIG. 15) described 1n the thirteenth
embodiment. More specifically, a parallel signal processing
circuit, which has multiple input terminals and 1s constituted
by signal transfer switches 1103, capacitors 1102 and 1112,
a sense amplifier 1105, and the like, constitutes one parallel
arithmetic operation circuit block. Therefore, mput terminals
1402 and an output terminal 1403 of each sense amplifier
1105 respectively correspond to the input terminals 1109 and
the output terminal 1111 shown in FIG. 15.

The output terminals 1403 of the parallel arithmetic
operation circuit blocks 1401 A and 1401C are connected to
the input terminals of the parallel arithmetic operation
circuit block 1401B, and the output signal output from each
output terminal 1403 serves as one input signal to the
parallel arithmetic operation circuit block 1401B. The out-
put terminals of similar parallel arithmetic operation circuit

blocks are connected to other 1nput terminals of the block
1401B.

In this manner, according to this embodiment, since a
plurality of parallel arithmetic operation circuit blocks are
connected 1n series or parallel with each other or 1n combi-
nation of series and parallel connections, high-grade parallel
arithmetic operation processing can be realized.

In this embodiment, the connections of the three parallel
arithmetic operation circuit blocks have been exemplified.
Of course, the present invention 1s not limited to this, and the
circuit blocks can be freely combined to realize required
arithmetic operation processing. Also, the parallel arithmetic
operation circuit blocks according to the present mvention
may be combined with conventional semiconductor logic
circuit blocks, needless to say.

In this embodiment, the connections used when signals
are transferred in turn have been exemplified. The present
invention 1s not limited to this, and the outputs from the
output-side stages may be used as input signals of the
input-side stages.

(Sixteenth Embodiment)

In the sixteenth embodiment, a parallel signal processing,
circuit of the present mvention 1s applied to a correlation
arithmetic operation circuit. FIG. 19 1s a schematic block
diagram showing an example of the arrangement of the
correlation arithmetic operation circuit. Referring to FIG.
19, each of majority arithmetic operation circuit blocks
1501A to 1501C has an arrangement similar to that of the
parallel signal processing circuit in the thirteenth
embodiment, which has multiple mput terminals, and 1is
constituted by reset switches 1101, capacitors 1102, signal
transter switches 1103, a sense amplifier 1105, and the like.
The majority arithmetic operation circuit block 1501 A com-
prises a parallel signal processing circuit as shown 1n FIG.
15. FIG. 20 1s a schematic circuit diagram showing an
example of the arrangement of the majority arithmetic
operation circuit block 1501B. FIG. 21 1s a circuit diagram
showing the arrangement of the majority arithmetic opera-
tion circuit block 1501C. The circuit shown 1n FIG. 19
comprises comparators 1502 and mverters 1503. The final
stage of the input terminals of the block 1501B, and the final
two stages of the input terminals of the block 1501C are
connected to weilghted terminals which have lines for
respectively inputting input signals to capacitors 1602,
1701, and 1702 via the inverters 1113 and inputting the 1nput
signals to the capacitors 1602, 1701, and 1702 via the signal
transter switches 1103 without going through the 1nverters
1113.

A plurality of input signals are respectively compared
with correlation coetficients by the comparators 1502. When
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the mput signal coincides with the corresponding correlation
coellicient, each comparator 1502 outputs an H-level signal;
otherwise, 1t outputs an L-level signal. The outputs from the
comparators 1502 are mput to the majority arithmetic opera-
tion circuit block 1501A. For example, when the outputs
from the comparators 1502 are input to the 7-input majority
arithmetic operation circuit block 1501 A, if H-level signals
are 1n the majority, 1.e., 1f four or more out of the seven
inputs are H-level signals, the majority arithmetic operation
circuit block 1501A outputs an H-level signal.

Similarly, for example, an 11-input majority arithmetic
operation circuit block outputs an H-level signal when six or
more 1nputs are H-level signals; a 9-input majority arith-
metic operation circuit block outputs an H-level signal when
five or more mputs are H-level signals. Table 2 below
summarizes the output values of the majority arithmetic
operation circuit block 1n correspondence with the number
of mputs. The output values of the 7-mnput majority arith-

metic operation circuit block 1501A are summarized in
column S3 in Table 2.

TABLE 2
[nput 53 2 S1
0/7 0 0 0
1/7 0 0 1
2/7 0 1 0
3/7 0 1 1
477 ] 0 0
5/7 0 1
6/7 1 0
777 1 1

The output from the 7-1nput majority arithmetic operation
circuit block 1501A 1s inverted by the inverter 1503, and the
inverted output 1s applied to the weighted 1nput terminal of
the majority arithmetic operation circuit block 1501B shown

in FIG. 20.

Referring to FIG. 20, the capacitor 1602 has a capacitance
about four times that of the capacitors 1102 and 1112
connected to the imput terminal routes. In the 11-input
majority arithmetic operation circuit block 1501B, if C
represents the capacitance of each capacitor connected to the
input terminal route, 11 capacitances C are commonly
connected, four capacitances C of them receive a signal from
the weighted mput terminal, and the remaining seven 1nput
terminals receive the same signals as that input to the
majority arithmetic operation circuit block 1501A.

For example, when four or more out of the seven inputs
arc H-level signals, an L-level signal 1s applied to the
welghted 1nput terminal, as described above. When six or
more out of the seven 1nputs of signals applied to the input
terminals other than the weighted input terminal are H-level
signals, the 11-input majority arithmetic operation circuit
block 1501B as a whole determines a majority, and outputs
an H-level signal. On the other hand, when four or more or
five or less out of the seven 1nputs are H-level signals, the
block 1501B outputs an L-level signal since it does not
determine a majority.

On the other hand, when three or less out of the seven
inputs are H-level signals, an H-level signal 1s applied to the
welghted mput terminal. In this case when two or more or
three or less out of the seven mputs are H-level signals, 4+2
(4 is the weight) or 4+3 (4 is the weight) yields 6 or more,
and a majority 1s determined, thus outputting an H-level
signal. However, when one or less input 1s an H-level signal,
440 or 4+1 yields less than 6, and an L-level signal 1s output.

In this manner, the output values of the majority arith-
metic operation circuit block 1501B in correspondence with



5,951,632

19

the number of H-level inputs are summarized i column S2
in Table 2 above.
Also, the majority arithmetic operation circuit block

1501C comprises two weighted terminals which respec-
fively have the capacitor 1701 having a capacitance four
times of C, and the capacitor 1702 having a capacitance
twice of C, as shown 1n FIG. 21. The 4C weighted terminal
shown 1n FIG. 21 receives an inverted signal of the output
signal from the majority arithmetic operation circuit block
1501A, the 2C weighted terminal receives an inverted signal
of the output from the majority arithmetic operation circuit
block 1501B, and the remaining seven input terminals
receive the same 1nput signals as those input to the majority
arithmetic operation circuit block 1501A. In this manner,
when this block 1501C operates as a total of 13-input
(=7+2+4) majority arithmetic operation circuit block, out-
puts shown 1n column S1 1n Table 2 above are obtained.

According to the correlation arithmetic operation circuit
of this embodiment, the number of 1nput signals that coin-
cide with the correlation coefficients can be converted into
a 3-digit binary value, as shown 1n Table 2. Therefore, a
correlation arithmetic operation circuit that can reduce the
circuit scale, allows higher-speed arithmetic operations, and
requires smaller consumption power as compared to the
conventional circuit can be realized.

(Seventeenth Embodiment)

The seventeenth embodiment exemplifies a 3-bit preci-
sion analog-to-digital (A/D) converter to which the parallel
signal processing circuit of the present invention i1s applied.
FIG. 22 1s a schematic block diagram showing an example
of the arrangement of the A/D converter. Table 3 below
summarizes the outputs with respect to the analog input
signal voltages.

TABLE 3

Analog Input Signal Voltage S3 S2 S1
0.0 = VA < 0.625 0 0 0
0.625 = VA < 1.25 0 0 1
1.25 = VA < 1.875 0 1 0
1.875 = VA < 25 0 1 1
2.5 = VA < 3.125 ] 0 0
3125 = VA < 3.75 0 1
3.75 = VA < 4.375 1 0
4.375 = VA < 5.0 1 1

The 3-bit precision A/D converter comprises 1-, 2-, and
3-1nput majority arithmetic operation circuit blocks 1901A,
1901B, and 1901C, and inverters 1902. Input terminals
1903, 1904, and 1905 receive the output signals from the
previous majority arithmetic operation circuit blocks.
Capacitors 1906, 1907, and 1908 are connected to the 1nput
terminals 1903, 1904, and 1905 and respectively have
capacitance values C/2, C/2, and C/4 (C is the capacitance
connected to a normal input terminal).

An analog mput terminal 1909 and set input terminals
1910 are respectively connected with capacitors 1911 and
1912 having capacitance values C/4 and C/8. The respective
blocks have digital output terminals S1, S2, and S3.

In this embodiment, a case will be exemplified wherein a
5-V system power supply 1s used. Referring to FIG. 22, the
sense amplifier 1nput of the majority arithmetic operation
circuit block 1901A 1s reset to 0 V, and those of the majority
arithmetic operation circuit blocks 1901B and 1901C are
reset to about 2.5 V. The capacitors 1102 of the signal input
terminals 1903, 1904, and 1905, and the set mput terminals
1910 are reset by 5 V. At this time, the signal input terminal

1909 1s at O V.
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Subsequently, assume that the set input terminals 1910 are
set at O V and the imput voltage to the mput terminal is
changed from O V to an analog signal voltage. In this case,
in the arithmetic operation circuit block 1901A, when the
analog mput voltage becomes about 2.5 V or higher, the
sense amplifier input voltage in the block 1901A exceeds a
logic threshold value voltage (assumed to be 2.5 V in this
case), and a H-level signal is output. Table 3 above sum-
marizes the outputs from the sense amplifiers in the majority
arithmetic operation circuit blocks. Column S3 of Table 3
shows the output results.

When the analog mput signal 1s 2.5 V or higher, the input
terminal 1903 changes from 5 V as the reset potential to O
V. At this time, the voltage change at the mput terminal of
the sense amplifier 1n the majority arithmetic operation
circuit block is given by the following formula (16):

{CxVA-(C/2)x5-(C/H)xSH(C+C2+C/4) (16)

where VA 1s the analog input voltage.

As can be seen from this equation, the arithmetic opera-
tion circuit block 1901B outputs a H-level signal when the
analog signal voltage VA 1s equal to or higher than 3.75 V,
and outputs a L-level signal when the voltage VA 1s equal to
or higher than 2.5 V and lower than 3.75 V. Column S2 in
Table 3 shows the output results. Similarly, the output from
the arithmetic operation circuit block 1901C 1s as shown 1n
column S1 in Table 3.

As can be understood from the above-mentioned results,
an analog input signal can be converted into 3-bit digital
value 1n correspondence with its voltage.

This embodiment has exemplified a 3-bit A/D converter.
However, the present invention 1s not limited to this, and the
number of bits of an A/D converter can be easily increased.

In this embodiment, a flash type A/D converter using
capacitors has been exemplified. However, the present
invention 1s not limited to this. For example, the present
invention may be applied to an encoder circuit of an A/D
converter which performs A/D conversion 1n such a manner
that comparators compare signals input to a resistor array
and a reference signal, and an encoder encodes the com-
parison results, thus obtaming the same effects as described
above.

Also, the correlation arithmetic operation circuit and the
A/D converter have been exemplified. However, the present
invention 1s not limited to these units. For example, the
present 1nvention may be applied to various other logic
circuits such as a digital-to-analog (D/A) converter, an
adder, a subtracter, and the like, thus obtaining the same
elfects as described above.

Especially, when the present invention 1s applied to a D/A
converter, if C represents the capacitance of the input
terminal for receiving LSB data, the capacitances need only
be set to be twice as large as the immediately preceding
value toward the most significant bit like 2C, 4C, 8C, . . .,
thus realizing a binary D/A converter. In this case, the
outputs from the commonly connected terminal of the
capacitors can be received by a MOS type source-follower
amplifier.

(Eighteenth Embodiment)

The parallel arithmetic operation processing circuit of the
thirteenth embodiment can be applied to a motion detection
circuit as 1n the tenth embodiment, as shown in FIG. 12.

The motion detection circuit shown 1 FIG. 12 comprises
a control unit 3004, an adder 3005, a register 3006, an
address storage unit 3007, and an output butfer 3008 which
also serves as the output result storage unit, which are
constituted by CMOS circuits. Especially, when the adder
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3005 1s constituted by the parallel signal processing circuit
described 1n the thirteenth embodiment, parallel additions
can be realized, and high-speed processing can be realized
in this case.

As described above, according to the motion detection
circuit of this embodiment, not only high-speed processing
and low cost are realized but also the consumption current
can be reduced since arithmetic operations are executed on
the basis of capacitances via the latch circuits, thus realizing
low consumption power. For this reason, the present inven-
fion 1s suitably applied to a portable equipment such as an
8-mm VTR camera or the like.

(Ninteenth Embodiment)

The parallel arithmetic operation processing circuit of the
thirteenth embodiment can also be applied to a high-speed
Image processing circuit as in the eleventh embodiment, as
shown 1n FIG. 13A.

In this case as well, when the parallel arithmetic operation
processing circuit of the present invention 1s applied to the
correlation calculation units 4004 and 4008, high-speed
image processing can be realized.

In this manner, each of the correlation calculation units
4004 and 4008 has a smaller number of elements than the
conventional circuit, and, 1n particular, can be arranged at
the sensor 1image pitch.

The high-speed 1mage processing circuit with the above
arrangement performs arithmetic operations based on analog
signals obtained by the sensor. However, as 1 the 11th
embodiment, when A/D conversion circuits are inserted
between the line memories and the bus lines, digital corre-
lation arithmetic operations can be realized. The sensor of
the present invention comprises a bipolar transistor.
However, the present invention 1s also effective for a MOS
transistor or only a photodiode without arranging any ampli-
fication transistor.

Furthermore, a correlation arithmetic operation between
data sequences at different times 1s performed. Alternatively,
when the X- and Y-projection results of a plurality of pattern
data to be recognized are stored 1in one memory, pattern
recognition can also be realized.

As described above, according to the high-speed 1mage
processing circuit, since data which are parallelly and simul-
taneously read out from the sensor are subjected to parallel
processing 1n the pixel mput unit unlike in the conventional
processing for serially reading out data from the sensor,
high-speed motion detection and pattern recognition pro-
cessing can be realized.

Since a 1-chip sensor can realize 1mage processing with-
out increasing the size of peripheral circuits, the following
high-grade function products can be realized with low cost:
control for turning the TV screen toward the user direction,
control for turning the wind direction of an air conditioner
toward the user direction, tracing control for an 8-mm VTR
camera, label recognition 1n a factory, a reception robot that
can automatically recognize a person, an iter-vehicle dis-
tance controller for a vehicle, and the like.

Note that the present invention 1s effective not only for
image data but also for audio recognition processing.
(Twentieth Embodiment)

The parallel signal processing circuit described 1n the 13th
embodiment can also be applied to a reception circuit of
spread spectrum (SS) communications as in the twelfth
embodiment.

As described above, the SS communication has high
privacy and 1s strong against noise since 1t converts a signal
into a multi-bit code and transmits the converted code.
However, since the information amount to be transmitted
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increases, the load of signal processing becomes heavy.
When the correlation arithmetic operation circuit block 1s
used as 1n the thirteenth embodiment, similar processing can
be realized at higher speed with a simpler circuit arrange-
ment as 1 the twelfth embodiment. Hence, the present
invention can be applied to radio communications of por-
table 1nformation equipments using the SS communication
technique.

(Twenty-first Embodiment)

In the arrangement 1n which a plurality of input terminals
are connected to one capacitor as in the 13th embodiment,
an amplifier may be connected between the capacitor and the
sense amplifier. With this arrangement, a higher-precision
arithmetic operation having a high noise resistance can be
attained by a smaller circuit scale as in the first embodiment.

Note that the circuit of the present invention can be
normally formed in a semiconductor device, and a plurality
of circuits may be built in the device as needed

The present invention 1s not limited to the above-
mentioned embodiments, and various modifications and

combinations may be made within the spirit and scope of the
invention.

As described above, according to the present invention,
the circuit scale of the parallel signal processing circuit can
be reduced, and the arithmetic operation speed can be
improved, thus attaining a reduction of the consumption
POWET.

Also, when a semiconductor device 1s constituted 1n such
a manner that multiple input terminals are connected with
capacitance means, terminals, on one side, of the capaci-
tance means are commonly connected, and the commonly
connected terminal 1s input to a sense amplifier via an analog
amplifier means, switching noise of the reset switches can be
reduced and the circuit arrangement upon connecting a
plurality of arithmetic operation circuit blocks 1n series
and/or parallel with each other can be simplified upon
constituting a circuit and system that performs parallel
arithmetic operation processing, while maintaining a small
circuit scale, high arithmetic operation speed, high arith-
metic operation precision, and low consumption power.

In addition, when a plurality of signals mput from paral-
lelly connected mput terminals are subjected to parallel
processing, the input signals are switched by switch means
provided to the respective input terminals and are 1nput to
the capacitance means connected to at least two 1nput
terminals, and an output signal 1s output from a sense
amplifier to which the capacitance means are parallelly
connected, thus further reducing the circuit scale, improving
the arithmetic operation speed, and reducing the consump-
fion power.

Since a plurality of signal processing circuits according to
the present mnvention are arranged, and the output from one
parallel signal processing circuit and/or an nverted output
from the parallel signal processing circuit are/is input to the
input terminals or terminal of another parallel signal pro-
cessing circuit, high-grade parallel arithmetic operation pro-
cessing can be realized.

According to the parallel signal processing circuit of the
present invention, since a total of capacitances of the capaci-
tance means roughly corresponds to an odd multiple of a
minimum capacitance corresponding to one mput terminal,
a majority arithmetic operation circuit can be constituted.

When the signal processing circuit of the present mnven-
tion 1s applied to a correlation arithmetic operation
apparatus, a correlation arithmetic operation apparatus
which can reduce the circuit scale, allows high-speed arith-
metic operations, and requires small consumption power can
be realized.
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When the parallel signal processing circuit of the present
invention 1s applied to an analog-to-digital converter, an
analog-to-digital converter which has a small circuit scale,
high arithmetic operation speed, and small consumption
power can be realized.

When the parallel signal processing circuit of the present
invention 1s applied to a digital-to-analog converter, a
digital-to-analog converter which has a small circuit scale,
high arithmetic operation speed, and small consumption
power can be realized.

Furthermore, according to a signal processing system
having the parallel signal processing circuit of the present
imnvention, when at least one of the correlation arithmetic
operation apparatus, analog-to-digital converter, and digital-
to-analog converter 1s constituted using the circuit of the
present mvention, the circuit scale of the signal processing
system can be reduced, a high arithmetic operation speed
can be attained, and the consumption power can be reduced.

When the signal processing system comprises an 1mage
signal input means for mnputting an 1mage signal, high-speed
motion detection processing or pattern recognition process-
ing can be realized by performing parallel processing of data
which are parallelly and simultaneously read out.

When the signal processing system comprises a storage
means for storing information, high-speed processing can be
assured while avoiding an increase in load of signal pro-
cessing owing to an increase 1n information amount.

What 1s claimed 1s:

1. A parallel signal processing circuit, comprising;:

a plurality of signal transfer switching means, each signal
transfer switching means having an mnput terminal for
inputting a signal and an output terminal for outputting
the signal upon application of a transfer pulse to said
signal transfer switching means;

a plurality of capacitors corresponding to said plurality of
signal transfer switching means, each capacitor having
a first terminal and a second terminal, the first terminals
of said capacitors being respectively connected to the
output terminals of said signal transfer switching
means;

a sense amplifier having a first inverter and a second
switching means, the second terminals of said capaci-
tors being commonly connected to said first inverter
and said second switching means; and

a reset voltage source connected to said second switching
means for supplying a reset voltage to an mput side of
said first inverter, the supplied reset voltage being 1n a
vicinity of a logical inversion threshold, the logical
inversion threshold being a voltage at which an output
from the first inverter will be inverted, wherein the reset
voltage 1s supplied before the transfer pulse 1s applied
to said signal transfer switching means.

2. A circuit according to claim 1, wherein a total capaci-
tance of said plurality of capacitors substantially corre-
sponds to an odd multiple of a minimum capacitance cor-
responding to one of the capacitors.

3. A circuit according to claim 1, further comprising an
analog amplifier having an 1input and an output, wherein said
analog amplifier input 1s connected to the second terminals
of the plurality of capacitors and said analog amplifier
output 1s connected to said sense amplidier.

4. A parallel signal processing circuit according to claim
1, wherein the number of 1input terminals for the plurality of
signal transfer switching means 1s an odd number.

5. A parallel signal processing circuit according to claim
1, wherein at least one of said capacitors has a capacitance
different from the capacitance of said other capacitors.
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6. A parallel signal processing circuit having a plurality of
circuit units each of which comprises a parallel signal
processing circuit of claim 1, and an output from one circuit
unit 1s connected to an mput terminal of another circuit unit.

7. A semiconductor device having a parallel signal pro-
cessing circuit of claim 1.

8. A signal processing system having a parallel signal
processing circuit of claim 1.

9. A system according to claim 8, wherein said signal
processing system comprises a correlation arithmetic opera-
fion apparatus.

10. A system according to claim 8, wherein said signal

processing system comprises an 1mage processing appara-
tus.
11. A system according to claim 8, wherein said signal
processing system comprises an analog-to-digital converter.
12. A system according to claim 8, wherein said signal
processing system comprises a digital-to-analog converter.
13. A system according to claim 8, wherein said signal
processing system comprises storage means.
14. A parallel signal processing circuit, comprising;:

a plurality of switching means, each switching means
having an input terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said switching means; and

a plurality of sense amplifiers to which said capacitance
means are parallelly connected.

15. A parallel signal processing circuit, comprising:

a plurality of switching means, each switching means
having an input terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said switching means; and

to which said capacitance means are parallelly connected,

a sense amplifier having a first mverter and a second
switching means, the second terminals of said capaci-
tors being commonly connected to said first mverter
and said second switching means,

wherein the mnput terminal of said switching means has a
line connected to said capacitor first terminal via a
second 1nverter and a line connected to said capacitor
first terminal without going through any inverter.

16. A parallel signal processing circuit, comprising;:

a plurality of switching means, each switching means
having an mnput terminal and an output terminal, the
total number of input terminals for the plurality of
switching means being an odd number;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said switching means; and

to which said capacitance means are parallelly connected,

a sense amplifier having a first inverter and a second
switching means, the second terminals of said capaci-
tors being commonly connected to said first mverter
and said second switching means,

wherein at least one of the 1nput terminals 1s connected to
both a line connected to said capacitor first terminal via
a second 1nverter and a line connected to said capacitor
first terminal without going through any inverter.

17. A circuit according to claim 16, wherein a capacitance
of said capacitor connected to at least one 1input terminal has
a capacitance different from a capacitance of said other
capacitors.
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18. A circuit according to claim 16, wherein one of said
capacitors has a capacitance different from another of said
capacltors.

19. A parallel signal processing circuit, comprising:

a plurality of signal transfer switching means, each signal
transfer switching means having an mnput terminal for
inputting a signal and an output terminal for outputting
the signal upon application of a transfer pulse to said
signal transfer switching means;

a plurality of first capacitors corresponding to said plu-
rality of signal transfer switching means, each first
capacitor having a first terminal and a second terminal,

the first terminals of said first capacitors being respec-

tively connected to the output terminals of said signal
transfer switching means;

a sense amplifier having a first mverter and a second
switching means;

an analog amplifier having an put and an output, said
analog amplifier mnput being connected to the second
terminals of the plurality of first capacitors and said
analog amplifier output being connected to said sense
amplifier; and

a reset voltage source connected to said second switching

means for supplying a reset voltage to an input side of
the first inverter of said sense amplifier, wherein the
reset voltage 1s supplied before the transfer pulse 1s
applied to said signal transfer switching means.

20. A parallel signal processing circuit according to claim
19, wherein when C represents a minimum capacitance of
said first capacitors, a total capacitance of the plurality of
first capacitors substantially corresponds to an odd multiple
of the minimum capacitance C.

21. A parallel signal processing circuit according to claim
19, wherein the number of input terminals for the plurality
of signal transfer switching means 1s an odd number.

22. A parallel signal processing circuit according to claim
19, wheremn at least one of said first capacitors has a
capacitance different from the capacitance of said other first
capacltors.

23. A parallel signal processing circuit having a plurality
of circuit units each of which comprises a parallel signal
processing circuit of claim 19, and an output from one
circuit unit 1s connected to an input terminal of another
circuit unit.

24. A semiconductor device having a parallel signal
processing circuit of claim 19.

25. A circuit according to claim 19, wherein said analog
amplifier means comprises voltage amplifier means.

26. A signal processing system having a parallel signal
processing circuit of claim 19.

27. A system according to claim 26, wherein said signal
processing system comprises a correlation arithmetic opera-
fion apparatus.

28. A system according to claim 26, wherein said signal
pProcessing system comprises an 1mage processing appara-
tus.

29. A system according to claim 26, wherein said signal
processing system comprises an analog-to-digital converter.

30. A system according to claim 26, wherein said signal
processing system comprises a digital-to-analog converter.

31. A system according to claim 26, wherein said signal
processing system comprises storage means.

32. A parallel signal processing circuit, comprising;:

a plurality of switching means, each switching means
having an input terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
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said capacitors being respectively connected to the
output terminals of said switching means;

a plurality of sense amplifiers having a first inverter and
a second switching means, the second terminals of said
capacitors being commonly connected to said {first
inverter and said second switching means; and

an analog amplifier having an input and an output, said
analog amplifier input being connected to the second
terminals of the plurality of capacitors and said analog
amplifier output being connected to said sense ampli-

fier.
33. A parallel signal processing circuit, comprising:

a plurality of switching means, each switching means
having an input terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said switching means;

a sense amplifier having a first inverter and a second
switching means, the second terminals of said capaci-
tors being commonly connected to said first inverter
and said second switching means; and

an analog amplifier having an input and an output, said
analog amplifier mput being connected to the second
terminals of the plurality of capacitors and said analog
amplifier output being connected to said sense
amplidier,
wherein the input terminal of said switching means has
a line connected to said capacitor first terminal via a
second mverter and a line connected to said capacitor
first terminal without going through any inverter.

34. A parallel signal processing circuit according to claim
33, wherein to the number of input terminals for the plurality
of switching means 1s an odd number.

35. A parallel signal processing circuit according to claim
34, wherein a capacitance of said capacitor connected to at
least one 1mput terminal has a capacitance different from a
capacitances of said other capacitors.

36. A parallel signal processing circuit, comprising:

a plurality of switching means, each switching means
having an input terminal and an output terminal;

a plurality of first capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said first capacitors being respectively connected to the
output terminals of said switching means;

a sense amplifier having a first inverter and a second
switching means, the second terminals of said first
capacitors being commonly connected to said first
inverter and said second switching means;

an analog amplifier having an input and an output, said
analog amplifier mnput being connected to the second
terminals of the plurality of capacitors and said analog
amplifier output being connected to said sense ampli-
fier; and

a second capacitor 1s arranged between said analog ampli-

fier and said sense amplifier.

37. A parallel signal processing circuit according to claim
36, further comprising a plurality of said second capacitors,
and a plurality of said sense amplifiers respectively con-
nected to said second capacitance means.

38. A parallel signal processing circuit according to claim
37, wherein an output of one of said sense amplifiers 1s
connected to an mput of another sense amplifier via a third
capacitor.

39. A circuit according to claim 36, further comprising a
plurality of said second capacitance means, and a plurality
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of said sense amplifiers wherein at least one of said plurality
of sense amplifiers 1s connected to the commonly connected
outputs of the first capacitance means, the other sense
amplifiers are connected to a respective output of said
second capacitance means.

40. A parallel signal processing circuit according to claim
39, turther comprising a control mput terminal for inputting,
a signal via a fourth capacitor, connected at an input stage of
said sense amplifier connected via said analog amplifier.

41. A parallel signal processing circuit wherein a first
circuit has M multiple input terminals to which capacitance
means are connected, terminals, on one side, of said capaci-
tance means are commonly connected, the commonly con-
nected terminal 1s connected to a first input terminal of a
second circuit via analog amplifier means, the commonly
connected terminal 1s connected to a second nput terminal
of said second circuit via a sense amplifier, capacitance
means of said second input terminal has a capacitance
corresponding to an integer (obtained by rounding up (M/2))
multiple of a capacitance of said capacitance means of said
first circuit, and said first input terminal has a capacitance M
fimes the capacitance of said capacitance means of said first
circuit.

42. A circuit according to claim 41, wherein an output
from said analog amplifier means 1s connected to a third
input terminal of a third circuit, said capacitance means of
said second 1nput terminal 1s connected to a fourth input
terminal of said third circuit via a sense amplifier, a signal
which 1s the same as a signal input to said second input
terminal 1s connected to a fifth input terminal of said third
circuit, capacitance means of said third input terminal has a
capacitance M times the capacitance of said capacitance
means of said first circuit, capacitance means of said fourth
input terminal has a capacitance (¥2) times the capacitance of
said capacitance means of said second input terminal, and
capacitance means of said {fifth input terminal has a capaci-
tance equal to the capacitance of said capacitance means of
said second input terminal.

43. A parallel signal processing circuit comprising;:

a plurality of first switching means, each first switching
means having an input terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said first switching means, and the
second terminals being commonly connected;

a plurality of sense amplifiers, each of which have a first
inverter and a second switching means;

an analog amplifier electrically connected to the com-
monly connected second terminals of said capacitors,
wherein at least one of said sense amplifiers 1s con-
nected to the output of said analog amplifier; and

a voltage source connected to said second switching
means for supplying a voltage to said first inverter, the
voltage being 1n a vicinity of a logical threshold, the
logical threshold being a voltage at which an output
from the first inverter will be 1nverted.

44. A parallel signal processing circuit comprising;

a plurality of first switching means, each first switching
means having an mput terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said first switching means;

a sense amplifier having a first inverter and a second
switching means, the second terminals of said capaci-
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tors being commonly connected to said first mverter
and said second switching means;

a voltage source connected to said second switching
means for supplying a voltage to said first inverter, the
voltage being 1n a vicinity of a logical threshold, the

logical threshold being a voltage at which an output
from the first inverter will be inverted; and

a plurality of second inverters and a plurality of corre-
sponding third switching means, an output of each
second 1nverter being connected to an mput terminal of
its corresponding third switching means, wherein the
first terminal of each said capacitor 1s additionally
connected to a respective output terminal of said third
switching means.

45. A parallel signal processing circuit comprising;:

a plurality of first switching means, each first switching
means having an input terminal and an output terminal;

a plurality of capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said capacitors being respectively connected to the
output terminals of said first switching means;

a sense amplifier having a first iverter and a second
switching means, the second terminals of said capaci-
tors being commonly connected to said first inverter
and said second switching means;

a voltage source connected to said second switching
means for supplying a voltage to said first inverter, the
voltage being 1n a vicinity of a logical threshold, the
logical threshold being a voltage at which an output
from the first mmverter will be 1inverted;

a plurality of second inverters and a plurality of corre-
sponding third switching means, an output of each
second 1nverter being connected to an mput terminal of
its corresponding third switching means, wherein the
first terminal of each said capacitor i1s additionally
connected to a respective output terminal of said third
switching means, wherein the number of mput termi-
nals for the plurality of first switching means 1s an odd
number.

46. A parallel signal processing circuit comprising:

a plurality of first switching means, each first switching
means having an input terminal and an output terminal;

a plurality of first capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said first capacitors being respectively connected to the
output terminals of said first switching means and the
second terminals being commonly connected,;

a plurality of sense amplifiers, each said sense amplifier
having a first inverter and a second switching means;

an analog amplifier having an input and an output, said
analog amplifier input being electrically connected to
the commonly connected second terminals of said first
capacitors and said analog amplifier output being con-
nected to said sense amplifiers; and

a voltage source connected to said second switching
means for supplying a voltage to said sense amplifier.
47. A parallel signal processing circuit comprising:

a plurality of first switching means, each first switching
means having an input terminal and an output terminal;

a plurality of first capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of

said first capacitors being respectively connected to the
output terminals of said first switching means;

a sense amplifier having a first inverter and a second
switching means, the second terminals of said first
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capacitors being commonly connected to said first
inverter and said second switching means;

an analog amplifier having an mput and an output, said
analog amplifier mnput being connected to the second
terminals of the plurality of first capacitors and said
analog amplifier output being connected to said sense
amplifier;

a voltage source connected to said second switching
means for supplying a voltage to said sense amplifier;
and

a plurality of second inverters and a plurality of corre-
sponding third switching means, an output of each
second 1nverter being connected to an mput terminal of
its corresponding third switching means, wherem the
first terminal of each said first capacitor 1s additionally
connected to a respective output terminal of said third
switching means.

48. A parallel signal processing circuit comprising:

a plurality of first switching means, each first switching
means having an input terminal and an output terminal;

a plurality of first capacitors, each capacitor having a first
terminal and a second terminal, the first terminals of
said first capacitors being respectively connected to the
output terminals of said first switching means;

a sense amplifier having a first inverter and a second
switching means, the second terminals of said {first
capacitors being commonly connected to said {first
inverter and said second switching means;

an analog amplifier having an put and an output, said
analog amplifier mnput being connected to the second
terminals of the plurality of first capacitors and said
analog amplifier output being connected to said sense
amplifier;

a voltage source connected to said second switching

means for supplying a voltage to said sense amplifier;
and

a second capacitor having an input and an output terminal,
wherein said second capacitor mput terminal 1s con-
nected to said analog amplifier output and said second
capacitor output terminal 1s connected to said sense
amplifier.

49. A parallel signal processing circuit according to claim

48, turther comprising a plurality of said second capacitors,
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and a plurality of said sense amplifiers respectively con-
nected to said second capacitors, wherein said plurality of
sense amplifiers are connected to the outputs of said second
capacitors.

50. A parallel signal processing circuit according to claim
48, turther comprising a plurality of said second capacitors,
and a plurality of said sense amplifiers, wherein at least one
of said plurality of sense amplifiers 1s connected to the
commonly connected second terminals of the first
capacitors, the other sense amplifiers are connected to the
respective output of said second capacitors.

51. A parallel signal processing circuit comprising.

a plurality of first switching means, each first switching
means having an input terminal and an output terminal;

a plurality of first capacitors each capacitor having a first
terminal and a second terminal, the first terminals of
said first capacitors being respectively connected to the
output terminals of said first switching means;

a sense amplifier having a first iverter and a second
switching means, the second terminals of said first
capacitors being commonly connected to said {first
inverter and said second switching means;

an analog amplifier having an input and an output, said
analog amplifier mput being connected to the second
terminals of the plurality of first capacitors and said
analog amplifier output being connected to said sense
amplifier;

a voltage source connected to said second switching
means for supplying a voltage to said sense amplifier;
and

a plurality of second inverters and a plurality of corre-
sponding third switching means, an output of each
second 1nverter being connected to an mput terminal of
its corresponding third switching means, wherein the
first terminal of each said first capacitor 1s additionally
connected to a respective output terminal of said third
switching means, wherein the number of input termi-
nals for the plurality of first switching means 1s an odd
number.

52. A parallel signal processing circuit according to claim

51, wherein one of said {first capacitors has a capacitance
different from another of said first capacitors.
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